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MOBILE SUBMERSIBLE MIXING
APPARATUS

This application claims benefit of and prionity to U.S.
Provisional Application No. 62/000,693, filed May 20, 2014,
by Mark Patton, and 1s entitled to that filing date for priority.

The specification, figures, appendix and complete disclosure
of U.S. Provisional Application No. 62/000,695 are incor-

porated herein by specific reference for all purposes.

FIELD OF INVENTION

This invention relates to an apparatus and system for
improved mixing ol produced water.

BACKGROUND OF THE INVENTION

There are significant benefits to mixing of water or
produced water 1n tanks and pits. A static, unmixed pit or
tank will quickly stratity into several layers, leading to
inconsistent water quality and elevated, inconsistent bacteria
levels. In a static, unmixed pit, for example, chlorides will
increase with depth and temperature will decrease with
depth, thereby created zones at diflerent depths with chang-
ing water quality. Transfer pump mixing can be used to
“turn” pits, but often will lead to “short circuiting,” creating
hornizontal or lateral zones 1n addition to vertical zones.
Proper mixing requires mixing of the entire body of fluid 1n
the tank or pit, and thus requires vertical mixing as well as
horizontal mixing.

SUMMARY OF INVENTION

In various embodiments, the present invention comprises
a mobile submersible mixer comprising a mobile platiorm,
frame or chassis with a plurality of wheels, with one or more
mixing jets or systems mounted thereon. The apparatus also
may comprise an aeration system and real-time sampling
system. The apparatus 1s introduced into a pit or tank,
typically by rolling the mixer down a ramp into the pit or
tank. While the invention described herein 1s 1n the context
of treated a pit with produced water from hydraulic fractur-
ing operations, it may be used with a pit or tank with other
fluids requiring mixing for a variety of commercial or
industrial processes.

In one embodiment, the submersible mixer chassis com-
prises an open framework of tubes or bars to allow the
relatively unobstructed flow of produced water in and
around the mixer and the mixing jets. In alternative embodi-
ments, devices to redirect or channel fluid flow, such as fins
or plates or funnels, may be added to create or direct certain
flow patterns.

The mixing jet (or jets) can be of a variety of types. In one
embodiment, the mixing jet 1s a tripod-mounted horizontal
impeller that spins at high rates to provide mixing. In an
alternative embodiment, a pneumatic pump 1s used to move
the water. In yet a further embodiment, a horizontal diffusing
mixer (inflow through the ends, with vertical laminar flow
from the top), such as the GridBee GS-14, may be used. The
horizontal diflusing mixer may be collapsible, allowing for
casy transport and movement when mounted on the mixer
chassis.

Any suitable number of tires may be used, of a variety of
types. In the embodiment shown, “sand” or “balloon” tires
are used to enhance buoyancy of the apparatus, prevent
sinking into the sediment 1n the bottom of the pit or tank, and
distribute the weight of the apparatus over a larger surface
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area to limit the weight on the pit or tank liner (1.e., reduce
the possibility of tears or holes or breaks). The tires may be
solid, or inflated with air or gas. The mixer may be moved
from location to location within the pit or tank, as desired.
An autosampling apparatus may be attached to the chassis
or frame. The autosampling system may be used to deter-
mine when homogeneity 1n the pit fluids 1s achieved.
Similarly, an aeration system may be attached to the
chassis or frame to introduce air (or other gas) 1n and around
the mixing jets for aeration and treatment of the produced
fluid. The aeration points may be placed along the base so
the air bubbles up into the mixing jet area, but aeration
points may be placed anywhere on the chassis or frame.
Aeration points may be bubble diffusers, air jets, or the like.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a view of a mobile submersible mixer in
accordance with an embodiment of the present invention.

FIG. 2 shows a side view of a mixing impeller.

FIGS. 3 and 4 show views of a pneumatic pump mixer.

FIG. 5 shows a view of an autosampler.

FIG. 6 shows a view of an aerating bubbler.

FIG. 7 shows a chart of water temperature vs. time.

FIG. 8 shows a chart of bacternia counts vs. time (with a
21% reduction 1n bacteria).

FIG. 9 shows a chart of sulfide concentration vs. time
(with a 31% reduction in sulfides).

FIG. 10 shows a chart of ferrous 1ron concentration vs.
time (with a 11% reduction 1n ferrous iron).

FIG. 11 shows a chart of tannin concentration vs. time
(with a 15% reduction in tannins).

FIGS. 12 and 13 shows views of a mobile submersible
mixer chassis with a columnar air-powered pedestal mixer.

FIG. 14 shows a view of a collapsible columnar air-
powered pedestal mixer.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In various exemplary embodiments, as seen in FIGS. 1-4
and 12-4, the present invention comprises a mobile sub-
mersible mixer comprising a mobile platform, frame or
chassis 2 with a plurality of wheels 6, with one or more
mixing jets or mixing apparatuses 4 mounted thereon. The
mixing apparatus may be removable from the mobile plat-
form, frame or chassis. The apparatus also may comprise an
acration system and real-time sampling system. The appa-
ratus 1s 1ntroduced into a pit or tank, typically by rolling the
mixer down a ramp into the pit or tank. A rope or line can
be used to control the descent of the apparatus, and allow for
casy retrieval. While the invention described herein is 1n the
context of treated a pit with produced water from hydraulic
fracturing operations, 1t may be used with a pit or tank with
other fluids requiring mixing for a variety of commercial or
industrial processes.

In the embodiment shown, the submersible mixer chassis
2 comprises an open framework of tubes or bars to allow the
relatively unobstructed flow of produced water i and
around the mixer and the mixing jets. The framework may
be ngid or fixed, or collapsible or foldable in whole or 1n
part. In alternative embodiments, devices to redirect or
channel fluid flow, such as fins or plates or funnels, may be
added to the chassis t1 create or direct certain flow patterns.

The mixing jet (or jets) or apparatus 4 can be of a variety
of types. In one embodiment, as seen 1n FIGS. 1 and 2, the
mixing jet 1s a tripod-mounted horizontal impeller 14 that
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spins at high rates to provide mixing, such as the PAX Water
Mixer PWM600. In an alternative embodiment, as seen in
FIGS. 3 and 4, a pneumatic pump 16 1s used to move the
water. In yet a further embodiment, a horizontal diffusing
mixer (inflow through the ends, with vertical laminar flow
from the top), such as the GridBee GS-14, may be used.

In a particular embodiment, a columnar air-powered ped-
estal mixer, such as the GridBee AP, may be used, as seen
in FIGS. 6 and 12-13. Water enters the bottom 1n radial flow,
with flow upward from the top. Air-powered pumps may be
located on the base or at points 1n the column. Alternatively,
an air pump or compressor outside the pit or tank may feed
an air hose which 1s connected to the mixing apparatus.
Nozzle end or diflusers can be located at different locations
within or below the column. The column mixer may be
collapsible (e.g., accordion-style), as seen 1n FI1G. 14, allow-
ing for easy transport and movement when mounted on the
mixer chassis. In yet a further embodiment, an electrostatic
mixer or acrator may be used.

Any suitable number of tires may be used, of a variety of
types. In the embodiment shown, “sand” or “balloon” tires
are used to enhance buoyancy of the apparatus, prevent
sinking into the sediment 1n the bottom of the pit or tank, and
distribute the weight of the apparatus over a larger surface
area to limit the weight on the pit or tank liner (i.e., reduce
the possibility of tears or holes or breaks). The tires may be
solid, or inflated with air or gas. The mixer may be moved
from location to location within the pit or tank, as desired.

An autosampling apparatus, as seen 1 FIG. 5, may be
attached to the chassis or frame. The autosampling system
may be used to determine when homogeneity 1n the pit fluids
1s achieved.

Similarly, an aeration system may be attached to the
chassis or frame to introduce air (or other gas) 1n and around
the mixing jets for aeration and treatment of the produced
fluid. The aeration points may be placed along the base so
the air bubbles up into the mixing jet area, but aeration
points may be placed anywhere on the chassis or frame.
Aeration points may be bubble diffusers, air jets, or the like,
as seen 1n FIG. 6.

FIG. 7 shows an example of how the present imnvention
homogenizes water temperature at various levels and vari-
ous locations 1n a produced water pit over time. FIGS. 8-11
show how the present invention improves overall water
quality by reducing bacteria, sulfides, ferrous 1ron, and
tannins.

With regard to bacteria, an unmixed pit will have up to
10x higher bacteria levels than a similar pit with the present
invention applied. Submersible mixing prevents or inhibits
bacteria growth and reduces existing bacteria levels. Other
benefits include the reduction of evaporation by decreasing,
surface temperatures.

When recycling produced water, homogeneous water
quality can be extremely important, especially when using a
cross-linked gel method as a completion technique (i1.e., for
hydraulic fracturing). Produced water quality 1s initially
highly varniable, and the recycling of produced water for use
with cross-linked gel fracturing 1s problematic. The present
invention ensures produced water homogeneity, and allows
for produced water recycling, especially for cross-linked gel
fracturing.

Thus, 1t should be understood that the embodiments and
examples described herein have been chosen and described
in order to best 1llustrate the principles of the invention and
its practical applications to thereby enable one of ordinary
skill 1n the art to best utilize the mmvention in various
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embodiments and with various modifications as are suited
for particular uses contemplated. Even though specific
embodiments of this invention have been described, they are

not to be taken as exhaustive. There are several variations
that will be apparent to those skilled 1n the art.

What 1s claimed 1s:

1. A system for mixing produced water, comprising;:

a pit or tank containing produced water, said pit or tank
comprising a liner and a ramp into the pit or tank;

a mobile submersible mixer, said mobile submersible
mixer comprising a top, an open framework chassis
with three or more tires attached thereto, and a mixing
jet securely athixed to the top; and

a line attached to a point on the chassis;

wherein the mobile submersible mixer 1s adapted to roll
down said ramp into said tank or pit containing pro-
duced water and 1s operable to mix the produced water
when the mobile submersible mixer 1s fully submerged
therein; and

turther wherein the line 1s adapted to control the descent
of the mobile submersible mixer down the ramp and to
retrieve the mobile submersible mixer from the tank or
pit.

2. The system of claim 1, wherein there are four or more

tires.

3. The system of claim 1, wherein the tires are sand-filled

tires.

4. The system of claim 1, wherein the mixing jet com-

prises an 1mpeller.

5. The system of claim 1, wherein the mixing jet com-

prises a horizontal diflusing mixer.

6. The system of claim 1, wherein the mixing jet com-

prises a pneumatic pump.

7. The system of claim 1, wherein the mixing jet com-

prises a columnar air-powered pedestal mixer.

8. The system of claim 1, wherein the mixing jet com-

prises an electrostatic mixer.

9. The system of claim 1, further comprising an aeration

system.

10. The system of claim 1, further comprising an autosam-

pling system.

11. The system of claim 1, wherein the mixing j et 1s

removable from the chassis.

12. The system of claim 1, wherein the tires are balloon

tires.

13. A mobile vehicle for mixing produced water 1n a tank

or pit, comprising;

an open framework chassis with a top and a bottom, with
three or more wheels attached thereto;

a mixing jet removably aflixed to the top of the chassis;

a line attached to the chassis;

an aerator athxed to the chassis; and

an autosampler aflixed to the chassis;

wherein the mobile vehicle 1s operable to mix produced
water 1n a tank or pit when the mobile vehicle 1s fully
submerged 1n said produced water.

14. The vehicle of claim 13, wherein there are four

wheels.

15. The vehicle of claam 13, wherein the mixing jet

comprises a columnar air-powered pedestal mixer.

16. The vehicle of claim 13, wherein the tires are sand-

filled tires.

17. The vehicle of claim 13, wherein the tires are balloon

tires.
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